Traditional herbal medicines have been processed to enhance their therapeutic effects, remove or reduce toxicity and side effects, and facilitate preparation and storage. In addition, the increased biological activities have been thought to be closely related to the compounds which are modified through processing.
The root of ginseng, Panax ginseng C.A. MEYER (Araliaceae), has been heat processed to make white ginseng (WG, roots dried after peeling) and red ginseng (RG, steamed at 98-100°C and dried ginseng roots without peeling) for consumption. Especially, RG is more common as a functional food than WG in Asian countries, because steaming induces a change in the chemical constituents and enhances the biological activities of ginseng. [7] [8] [9] [10] Recently, a method to increase the RG-specific ginsenosides by steaming WG at a higher temperature than RG was developed. 2, 11) This heat processed ginseng is termed sun ginseng (SG), and we have been investigating its enhanced free radical scavenging activity compared to conventional ginsengs and its active constituents.
Phenolic compounds and maltol were responsible for the increased free radical scavenging activities of SG. In addition, Maillard reaction products (MRPs) were also thought to be related to the increased antioxidant activity of ginseng by heat processing, 5, 6) because the Maillard reaction has been thought to be the major source correlated with increased efficacy by heat processing in various crude drugs or foods. 12, 13) On the other hand, ginsenoside is one of the easily changeable components of ginseng by heat processing, 2, 14) but heat processing-induced chemical and activity changes of ginsenosides considering the Maillard reaction have not yet been fully elucidated. In addition, the contents of less-polar ginsenosides Rg 3 , Rk 1 , Rg 5 , and maltol are known to increase by heat processing, and these compounds are supposed to be produced by the deglycosylation of diol-type ginsenosides and the Maillard reaction in ginseng by steaming. 6, 14) Therefore, there is a need to investigate the structure and activity changes of isolated ginsenosides by heat processing with amino acids.
In this study, we investigated the hydroxyl radical (· OH) scavenging activity changes of ginsengs and ginsenoside-Rb 2 (Rb 2 ) by heat processing using an electron spin resonance spectrometer (ESR). No report has compared the · OH scavenging activities of WG, RG, and SG using ESR, and ESR is thought as a versatile tool to detect free radicals even with slightly insoluble ginsenosides in suspension. In addition, Rb 2 , a well known diol-type triterpene glycoside that exists abundantly in Panax ginseng, was steamed with glycine, a frequently used amino acid in the Maillard reaction model system, 15) and the chemical and · OH scavenging activity changes were analyzed and compared. Four-years-old fresh ginseng was purchased from a local ginseng market in Seoul (Korea). WG was produced by drying 100 g of fresh ginseng at 50°C for 3 d. RG was made by steaming WG at 100°C and 0.03 MPa for 3 h, and drying at 50°C for 3 d. SG was made by steaming WG at 120°C and 0.11 MPa for 3 h, and drying at 50°C for 3 d. 5, 11) Each dried ginseng product (50 g) was ground to pass an 80 mesh sieve and extracted under reflux with 50% EtOH three times at 70°C for 2 h, and the solvent was evaporated in vacuo to give an extract with a yield of about 20%, by weight, of the original ginseng powder.
MATERIALS AND METHODS

Chemicals and Reagents
Ginsenosides Rb 2 , 20(S)-Rg 3 , 20(R)-Rg 3 , Rk 1 , and Rg 5 were previously isolated and identified from Panax ginseng by the reported methods using 13 C-, 1 H-NMR, and FAB-MS. 2, 16) For the steaming model experiment, the same amounts (w/w) of glycine and Rb 2 were steamed together at 100 and 120°C using the same method as for ginseng extracts. After drying at 50°C, un-treated and heat processed glycine-Rb 2 mixtures at 100 and 120°C were prepared.
Measurement of Browning Level
The extent of browning was measured by the reported method 17) with simple modification. Three ginseng extracts, glycine-Rb 2 mixture and its steamed products at 100 and 120°C, were dissolved in distilled water (D.W.), and the absorbance at 420 nm was measured in a 1 cm glass cuvette using a UV-1200 UV-Vis spectrophotometer (Shimadzu, Kyoto, Japan). Measurement was repeated three times for each sample.
· OH Scavenging Activity Test Using ESR The ESR spectra were recorded on a JES-TE100 ESR spectrometer (JEOL, Tokyo, Japan). The experimental parameters were as follows: temperature, ambient; microwave power, 1.02 mW; modulation frequency, 100 kHz; modulation width, 0.16 mT; sweep width, 5.0 mT; sweep time, 0.5 min; center field, 339.550 mT; time constant, 0.03 s; and receiver gain, 1. DMPO was used as a spin-trapping reagent for · OH. Mn 2ϩ was used as an external standard to calculate the relative amounts from the ESR signal intensity.
Twenty microliters of DMPO (1/10 diluted with D.W., v/v) was mixed with 38 ml of 0.2 mM FeSO 4 · 7H 2 O and 37 ml of 1 mM DTPA. The mixture was stirred with 30 ml of sample solution and 75 ml of 1 mM H 2 O 2 . The solutions were transferred to a capillary tube and placed in the cavity of the ESR spectrometer for measurement. After 5 min, the ESR signal was taken to measure the yield of the inhibition of · OH by samples. Measurement was repeated two times for each sample. The inhibition of · OH was determined by the ratio of peak height of the DMPO-OH spin adduct to the signal of Mn 2ϩ and compared to the ratio of the control.
HPLC and GC-MS Analyses
The changes in constituents by heat processing were analyzed with a Hitachi (Tokyo, Japan) L-7100 liquid chromatograph fitted with a C-18, reversed phase column (5 mm, 25 cmϫ4 mm I.D.; YMCPack Pro) utilizing the solvent gradient system. The mobile phase consisted of water (solvent A) and acetonitrile (solvent B) and the flow rate was 1 ml/min. The detector was a SEDEX 55 evaporative light scattering detector (Sedere, France). The gradient elution was used as follows: 0 min, 15% B; 10 min, 40% B; 25 min, 50% B; 40 min, 80% B; and 50 min, 100% B. 6, 14) Ginsenosides were identified by co-injection with standard ginsenosides.
On the other hand, small amounts of maltol or the other volatile products in un-treated glycine-Rb 2 mixture and its steamed products at 100 and 120°C were analyzed using GC-MS by the reported method 6) with simple modification. A Hewlett-Packard HP6890 (Agilent Technologies, Palo Alto, CA, U.S.A.) GC coupled to a JEOL JMS-GC mate II (Jeol Ltd., Tokyo, Japan) was used and the mass spectra were measured in electron impact ionization mode (70 eV). A medium polarity column, BPX-50 capillary column (30 mϫ0.25 mm, 0.20 mm, SGE, Ringwood, Australia) was employed, and the head pressure of the carrier gas (helium) was 8 psig. The injection port temperature was 260°C and the oven was programmed to raise the temperature from 80 to 260°C at a rate of 4°C per min and hold at 260°C for 5 min.
Statistical Analysis Data are presented as meansϮS.E. Differences among values were analyzed by Dunnett's test and those at pϽ0.05 were considered significant.
RESULTS AND DISCUSSION
Ginseng extract was reported to scavenge free radicals such as · OH, 1,1-diphenyl-2-picrylhydrazyl, and the superoxide anion (O 2 ·Ϫ ). [18] [19] [20] Moreover, its nitric oxide, O 2 ·Ϫ , · OH, and peroxynitrite scavenging activities were increased by heat processing. 5) Although phenolic compounds and maltol or MRPs were suggested to be related to the increased free radical scavenging activities of ginseng, 5, 6) the heat processing-induced chemical and activity changes of ginsenosides considering the Maillard reaction have not yet been fully elucidated. In addition, the · OH scavenging activity test using ESR is thought to be the most appropriate to test the antioxidant activities of ginsenosides or MRPs for the following reasons: · OH has been considered to play a direct or indirect role in several diseases such as brain ischemia, Parkinson's disease, Alzheimer's disease, rheumatoid arthritis, respiratory distress syndrome, cardiovascular diseases, and carcinogenesis, and also aging. Therefore, · OH was suggested to be an excellent target to investigate antioxidants in the fields of food, nutrition, health, and medicines. 21, 22) In addition, ESR is widely used as a prerequisite tool to study free radicals even with suspensions or pastes, 23) and is thought to be useful to study slightly insoluble less-polar ginsenosides or MRPs. Especially, some triterpenoid glycosides and MRPs are known to have transition metal chelating and reducing capabilities closely related to · OH scavenging activity. 15, 24) Therefore, we investigated the · OH scavenging activity changes of ginseng and Rb 2 by heat processing using ESR, especially considering the effect of the Maillard reaction. The Maillard reaction is dependent on several factors such as pH, time, temperature, the concentration of reactants, and reactant type. In addition, the development of color is known as an important and obvious feature of the reaction, and heatinduced antioxidants including melanoidins and reductones are known to be formed by the Maillard reaction. 17, 25) Figure 1 shows the comparisons of the · OH scavenging activities and browning levels of WG, RG, and SG. WG inhibited · OH production to about 45% (Fig. 1A) , and it was further inhibited to about 40 and 34% by the addition of RG (Fig. 1B) and SG (Fig. 1C) , respectively, at the concentration of 0.5%. However, none of these effects were stronger than that of thiourea, the · OH scavenging positive control (Figs.  1D, E) . In addition, the absorbance value at 420 nm of WG was 0.090 (A.U., arbitrary unit), and it was increased to 0.198 and 1.043 A.U. in RG and SG, respectively (Fig. 1F) . Consequently, the · OH scavenging activities of ginseng extracts were increased by heat processing in a processing-temperature-dependent manner, but the browning level was more significantly increased by steaming. Therefore, the · OH scavenging activities of ginsengs were not in accord with the extents of browning, and the effect of MRPs was thought to be minor.
On the other hand, ginsenosides are known as the main pharmacologically active constituents of ginseng, and consist of four hydrophobic ring steroid-like structures with hydrophilic sugar moieties (Fig. 2) . Free, monomeric, dimeric, or trimeric sugars are bound to hydroxyl groups (-OH) on carbon-3, -6, and -20 of ginsenosides. 8, 26) They also exist as stereoisomers: 20(S)-ginsenosides and 20(R)-ginsenosides are epimers of each other depending on the geometrical position of -OH on carbon-20 (C-20). Especially, this epimerization is known to occur by the selective attack of OH Ϫ after the elimination of the glycosyl residue at C-20 during the steaming process. 26, 27) In addition, more less-polar ginsenosides such as Rk 1 and Rg 5 are known to be easily produced by the elimination of H 2 O at C-20 of Rg 3 under high pressure and temperature conditions like in autoclaving.
2) Considering these, Rb 2 is known to gradually change into 20(S )-Rg 3 , 20(R)-Rg 3 , Rk 1 , and Rg 5 by heat processing and its sugar moieties at C-20 are separated (Fig. 2) . Then, the separated sugar moieties are thought to form MRPs with the added amino acids, and a study of the chemical and activity changes of ginsenosides was thought to be helpful in order to understand the activity changes of ginseng with the role of ginsenosides. Therefore, comparisons of the changes in · OH scavenging activities, extents of browning, and constituent analysis of glycine-Rb 2 mixtures when heat processed were carried out. Figure 3 shows the comparisons of the · OH scavenging activities and browning levels of un-treated glycine-Rb 2 mixture and its steamed products at 100 and 120°C. Un-treated glycine-Rb 2 mixture inhibited · OH production to about 45% and glycine-Rb 2 mixtures steamed at 100 and 120°C similarly showed lower values of about 41% at the concentration of 0.5% (Fig. 3A) . The · OH scavenging activity of glycineRb 2 mixture was slightly increased by heat processing. In addition, the absorbance value at 420 nm of un-treated glycineRb 2 mixture was 0.016 A.U., and it was about 5 times lower than that of WG, but was increased to 0.104 and 0.164 A.U. in the steamed mixtures at 100 and 120°C for 3 h, respectively (Fig. 3B) . However, there were no changes in the browning levels when Rb 2 and glycine were heat processed separately (data not shown). Therefore, the · OH scavenging activities and browning levels of glycine-Rb 2 mixtures were increased by heat processing, but the effect of MRPs on · OH scavenging activity was not certain; then, HPLC and GC-MS analyses were carried out to identify the active constituents responsible for the slight activity improvements brought about by steaming.
As shown in the HPLC chromatograms of steaming model products using glycine-Rb 2 (Fig. 4) , glycine and Rb 2 were detected at about 4.0 and 10.5 min, respectively, when not steamed (Fig. 4A) . Then, about 43% of Rb 2 was changed into 20(S)-Rg 3 , 20(R)-Rg 3 , Rk 1 , and Rg 5 by heat processing at 100°C for 3 h (Fig. 4B) , and all of the Rb 2 disappeared and the contents of Rg 3 , Rk 1 , and Rg 5 were increased by steaming at 120°C for 3 h (Fig. 4C) . However, the change in glycine was not confirmed because its peak overlapped with compounds produced by steaming. Rb 2 was gradually changed into 20(S)-Rg 3 , 20(R)-Rg 3 , Rk 1 , and Rg 5 by heat processing at 100 and 120°C, as shown in Fig. 2 , and the increased peak area at about 4.0 min was supposed to be related with the separated sugar moieties or the generation of MRPs from the separated sugar moieties and glycine. However, an analysis of sugars and MRPs was not carried out because the activities of these compounds were estimated to be low.
On the other hand, the generation of maltol from heat processed glycine-Rb 2 mixture was investigated because the content of maltol was increased 4 and 34 times by heat processing of ginseng at 100 and 120°C, respectively, compared to non-treated ginseng. 6) In addition, the generation of maltol accompanies the Maillard reaction, and is related to free radical scavenging activity by its own transition metal chelating ability. 5, 8, 28) However, the generation of maltol from the Maillard reaction of ginsenosides has not yet been elucidated. The detection of maltol was carried out with GC-MS, because its contents produced from the glycine-Rb 2 mixture were too low to detect with the same HPLC condition for ginsenosides. In addition, maltol was easily detected without any derivation methods in GC-MS and showed an m/z of 126 at about 10 min in our preliminary study. As shown in Fig. 5 , we detected only a solvent peak (acetone) or peak have no matching structural data in un-treated and heat processed glycine-Rb 2 mixture at 100°C (Figs. 5A, B) , even at the higher concentrations. However, maltol was detected after steaming the glycine-Rb 2 mixture at 120°C for 3 h (Fig. 5C ) by comparing the retention time and mass spectra pattern with a standard sample, but its correct level could not be calculated because of its low content. In addition, the peaks detected at about 2 and 16 min in Fig. 5C had no matching structural data. Patton 29) showed the formation of maltol in certain aqueous carbohydrate-glycine systems autoclaved at 127°C for 6 h, and that disaccharides were required for the formation of maltol. Rb 2 has a disaccharide at C-20 (Fig. 2) , and the separated disaccharide was thought to produce maltol with glycine during the steaming process. However, the production of maltol directly from disaccharide mediated by the high temperature in the GC is also a plausible hypothesis. Therefore, the production and precise content of maltol from the heat processing of ginsenosides have yet to be clarified.
As mentioned above, we confirmed that the MRPs may have little or no effects on the increased · OH scavenging activity of ginseng and glycine-Rb 2 mixture by heat processing. Therefore, there was a need to investigate the · OH scavenging activities of 20(S)-Rg 3 , 20(R)-Rg 3 , Rk 1 , and Rg 5 or maltol, because the contents of these compounds are certainly increased by the heat processing of ginseng and glycine-Rb 2 mixture. As shown in Fig. 6 , glycine showed slight or no · OH scavenging activity, but Rb 2 inhibited · OH production to about 60% at the concentration of 0.5%. In the comparison of ginsenosides produce by steaming, 20(S)-Rg 3 and Rg 5 strongly inhibited · OH generation to under 10% at the concentration of 0.5%, but the effects of 20(R)-Rg 3 and Rk 1 were comparably lower than that of Rb 2 . On the other hand, the effect of maltol was moderate (inhibited · OH production to about 44% at the concentration of 0.5%), but stronger than that of Rb 2 . The structural characteristics of 20(S)-Rg 3 and Rg 5 to scavenge · OH were thought to be mediated by their geometrical arrangements of -OH at C-12 and -OH or double bonds at C-20, as shown in Fig. 2 . However, the exact mechanism is not certain in the present study, and we want to clarify it in our future study.
Although the increases in contents of 20(S)-Rg 3 and Rg 5 were thought to elevate the · OH-scavenging activities of ginseng and glycine-Rb 2 mixture, the · OH-scavenging activity changes of glycine-Rb 2 mixture by heat processing were not significantly increased compared to those of ginsengs (Figs.  1, 3) . The generation of 20(S)-Rg 3 and Rg 5 accompanies the increase of 20(R)-Rg 3 and Rk 1 , weak · OH scavengers, and this was thought to lead to no significant increases in the · OH scavenging activities of glycine-Rb 2 mixture when heat processed at 100 or 120°C (Figs. 3, 4, 6 ). Therefore, there is also a need to consider the effects of components other than ginsenosides to increase the · OH-scavenging activities of ginseng by heat processing, as suggested from our previous research on phenolic compounds and MRPs. 5, 6) In summary, from the study of the · OH scavenging activity changes of ginsengs and Rb 2 by heat processing using ESR, the increases in contents of 20(S)-Rg 3 and Rg 5 were thought to relate to increased · OH-scavenging activities. Although the effects of MRPs were thought to be insignificant in this study, there is a need to investigate them with other assay systems and model experiments. In addition, investigation of the biological and chemical roles of ginsenosides in terms of self-mediated and indirectly mediated actions such as via the Maillard reaction are thought to be a valuable in order to understand the complex efficacy changes of ginseng by heat processing.
